Symbiotic bacteria of the genus Thiosymbion attach to the surface of their nematode hosts using their poles and divide by longitudinal binary fission. A new study now sheds light on the molecular mechanisms that underlie this peculiar mode of proliferation.
The textbook view of bacterial growth is based on the division cycle of Escherichia coli, whose rod-shaped cells double in length and then divide along their transverse axis to produce two smallersized siblings. However, there are many alternative ways for bacteria to replicate, though most of these are still poorly understood at the mechanistic level [1] . A striking example of the variety of bacterial growth mechanisms is highlighted in a new study by Pende et al. [2] that sheds light on the molecular basis of cell division in symbiotic relatives of E. coli that divide by longitudinal binary fission.
A central problem that bacteria face during proliferation lies in the expansion and subsequent separation of their cell envelope. Most species are surrounded by a sturdy cell wall made of peptidoglycan, a complex polymer composed of glycan chains that are crosslinked by short peptide bridges [3] . To enable cell growth and division, the cell wall needs to be continuously remodeled. This task is achieved by a large array of synthetic and lytic enzymes that add new building blocks or cleave the peptidoglycan meshwork to generate new growth points. To facilitate the coordination of their activities, these enzymes are often combined into functionally specialized multi-protein complexes. In E. coli and many other rodshaped bacteria, two such complexes have been identified to date, known as the elongasome and the divisome [4] . The elongasome promotes longitudinal growth of the cell before the onset of division. It does so by mediating the disperse incorporation of new peptidoglycan at multiple sites along the lateral cell walls. The positioning of this complex is regulated by the actin-like protein MreB, which forms arc-like structures at the inner face of the cytoplasmic membrane that move circumferentially around the long axis of the cell [5] [6] [7] [8] . At the onset of cell division, cell-wall biosynthesis is largely taken over by the divisome. This complex machine of more than thirty different proteins first mediates a brief phase of zonal growth from midcell, and then gradually remodels the cell wall to promote cytokinesis [9] . The divisome is organized by the tubulin homolog FtsZ, a polymer-forming protein that assembles into a discontinuous ringlike structure at the division plane [10, 11] . This so-called Z-ring then recruits, directly or indirectly, all other divisome components and plays a central regulatory role in the division process [12] .
The joint action of the elongasome and divisome can generate a wide range of rod-shaped morphologies. However, the general pattern of cell growth and division appeared to be conserved in all species using these machineries, largely following the example of the prototypic E. coli system. Pende et al. [2] now demonstrate that similar mechanisms are at work in rod-shaped symbionts of the candidate genus Thiosymbion, even though these bacteria divide in a process very different from that observed in commonly studied model bacteria.
Members of Thiosymbion are sulfuroxidizing relatives of E. coli that colonize the cuticle of marine nematodes. They attach perpendicular to the surface of their host [13] , using sugars or protein fibers that emanate from the hostproximal pole as an adhesive [14, 15] . The symbiotic lifestyle of Thiosymbion species goes along with an unusual mode of proliferation, in which cells divide by longitudinal binary fission ( Figure 1A ). As a consequence, both siblings remain associated with the nematode after birth, leading to more efficient coverage of the host surface [13] . The division process initiates by splitting of the cell poles and then progresses bidirectionally until the two cleavage furrows fuse near the cell center. Depending on the species, the two polar septation events start either synchronously [16] or at different time points, with the host-proximal pole invaginating first [14] . Studies of the underlying mechanisms are hampered by the fact that Thiosymbion species are not cultivable and, therefore, need to be reisolated from their nematode hosts for every analysis to be performed. However, using a combination of fluorescence labeling and super-resolution microscopy, Pende et al. [2] have now managed to visualize the dynamics of cell-wall biosynthesis in symbiont cells throughout the course of their division cycle.
Consistent with previous observations [16] , immunolocalization of FtsZ revealed that the division machinery formed arcshaped complexes at the moving edge of the cleavage furrows. Toward the end of the division process, these complexes then gradually merged into an annular structure reminiscent of the E. coli Z-ring to promote final fission of the cell [2] . The elongasome component MreB, by contrast, assembled into patchy or filamentous structures that initially clustered along a circumferential line connecting the two cell poles, and then relocated to the medial regions of the nascent daughter cells. To assess the precise contributions of the divisome and elongasome to cell wall biosynthesis, Pende et al. [2] made use of a recently established metabolic labeling technique to specifically visualize zones of active peptidoglycan incorporation [17] . The patterns observed perfectly correlated with the subcellular distribution of FtsZ, whereas there was only little overlap with the MreB assemblies. Thus, all major growth processes in the symbiont cells appear to be mediated by the divisome, although the elongasome may contribute to cell widening before the onset of division. Intriguingly, however, disruption of MreB polymers with the small molecule A22 largely abolished cell division and FtsZ assembly, without affecting overall cell shape [2] . Unlike in E. coli, proper function of the elongasome could therefore be critical for divisome formation in Thiosymbion species.
The work by Pende et al. [2] not only provides a striking example of adaptive evolution in symbiotic bacteria but also has important implications for our understanding of the bacterial cytoskeleton in general. Consistent with previous studies [10, 11] , it clearly shows that FtsZ does not need to form a continuous ring to drive invagination of the cell envelope. The polymers it forms may thus promote cell division indirectly by stimulating the coordinated ingrowth of the peptidoglycan layer rather than by exerting a constrictive force. Other interesting insights come from the unusual localization behavior of MreB. This cytoskeletal element is thought to maintain rod shape by moving circumferentially around the long axis of the cell, thereby ensuring even growth of the lateral cell walls [6] [7] [8] . However, in Thiosymbion species, MreB appears to be confined to the medial regions of the cell, suggesting it may be largely dispensable for rod-shape maintenance in the symbiont cells. It will be interesting to determine whether the MreB assemblies observed are still mobile and, if so, whether their motion still occurs perpendicular to the long axis (as in E. coli) or rather on longitudinal tracks along the division plane. A central question raised by the work of Pende et al. [2] concerns the mechanisms that mediate the switch from transverse to longitudinal binary fission. One possibility is that Thiosymbion species have evolved new regulatory systems that rotate the division plane by 90 with respect to the cell-polarity axis. Alternatively, Thiosymbion cells may 'simply' represent squeezed rods with a considerably shortened long axis and highly increased width ( Figure 1B) . Such an inversion of the cellular dimensions would compress the MreB-dependent elongation zone into a small band that colocalizes with the division plane half-way between the two flattened cell poles. This model would provide a straightforward explanation of the localization patterns observed for the Thiosymbion FtsZ and MreB proteins. However, it would require the existence of additional mechanisms that modulate the activity of the elongasome or other cellwall-biosynthetic proteins such as to generate a rod-shaped rather than a round cross-section.
The results obtained by Pende et al. [2] provide an excellent example of the power that lies in the study of non-model organisms. Unfortunately, however, more detailed analyses of Thiosymbion species are so far limited by the lack of a suitable genetic system. Let us hope that this issue can be solved at some point to enable a better understanding of the cell biology of this fascinating bacterial lineage. (A) Division cycle of T. hypermnestrae [2] . New-born cells lack distinct FtsZ complexes (green) and display a medial band of MreB assemblies (red). FtsZ-mediated constriction of the cell envelope initiates at the host-proximal pole and progresses toward the cell center. At a later stage, a second FtsZ complex forms at the distal pole. As cell division proceeds, MreB is displaced from the division plane and relocalizes to the medial regions of the nascent daughter cells. (B) Hypotheses on the evolution of longitudinal cell division in Thiosymbion species. In E. coli and other rod-shaped model bacteria, FtsZ assembles into a ring-like structure at midcell that is oriented perpendicular to the long axis of the cell. Thiosymbion cells may have developed mechanisms to rotate the division plane by 90 with respect to the cell polarity axis (left) or they may have retained the original cell polarity but inverted the dimensions of their long and transverse axes.
Squeezed rod E. coli
A recent study reports a novel form of lateral inhibition between photoreceptors supporting colour vision in the vinegar fly, Drosophila melanogaster.
Take a photograph into the sun and you get a sharp lesson in just how adeptly our eyes compensate for the phenomenal range of photon intensities in daylight. While the sky may be blue and our loved ones smile patiently, the camera bleaches the colour and washes out detail. The problem solved by photoreceptors is to convey the full sweep of wavelengths and intensities of light using membrane potentials and synapses of limited scope. A key step is to remove the signal mean to encode relative rather than absolute changes. A new study by Schnaitmann et al. [1] has carefully characterised mechanisms involved in this step in the colour vision circuitry of Drosophila.
This new study [1] is important because it is a first description of colour-opponent neural coding in a species with the tools and resources to trace the circuits of colour behaviours throughout the central brain [2] [3] [4] , something that would be an achievement in any species [5] . Colouropponency is the property of being excited by one wavelength of light and inhibited by another, a calling card for colour information processing. The study is also a first description of direct synaptic inhibition between photoreceptors used for daylight colour vision. It demonstrates that the photoreceptors conveying wavelengthspecific information are subject to initial contrast-enhancing filtering in flies, contrary to expectations until only very recently [2, 3, 6] . Thanks to their replicable circuitry and accessible cells, fly studies have a terrific track record of providing insights into the computations of contrastive coding in the visual periphery, notably the seminal study that the title of this dispatch pays homage to [7] .
To understand why the findings were surprising, we need to take in some anatomical details of the fly's optic lobes ( Figure 1A) . Under every facet of the fly's compound eye eight photoreceptors look out onto the world: the outer six, R1-R6, are sensitive to UV and cyan, and transmit luminance signals to the first region of the optic lobe, the lamina; the inner two, R7 and R8, encode the additional wavelength information needed for colour vision and project directly to the second optic lobe region, the medulla. Away from the edges of the eye and specialisations for polarisation vision, pairs of R7 and R8 cells are stochastically determined during adult development to be one of two flavours, known as 'pale' and 'yellow' for
